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TOLL ROADS AND FREE ROADS 


SPECIAL REPORT by the Bureau of Public Roads 
A on the feasibility of constructing and operating as 
a toll facility a system of six transcontinental high 
ways and on needed highway improvments was trans- 
mitted to Congress by the President on April 27, 1939, 
with a message recommending the report for the con- 


sideration of Congress. 

The report shows that 
a system of transcon- 
tinental superhighways 
cannot be supported by 
tolls and will not solve 
any considerable part 
of the problem of pro- 
viding adequate high- 
way facilities. 

The report was made 
in accordance with the 
Federal Aid Highway 
Act of 1938, approved 
June 8, 1938, which 
directed the Chief of 
the Bureau of Public 
Roads to investigate 
and report bis findings 
“with respect to the 
feasibility of building, 
and cost of, superhigh- 
ways not exceeding 
three in number, run- 
ning in a general direc- 
tion from the eastern 
to the western portion 
of the United States, 
and not exceeding three 

number, running in 
: general direction from 
the northern to the 
tithern portion of the 
nited States, including 

feasibility of a toll 
tem on such roads.” 

Che report states that 

building of such a 
‘em is entirely feas- 
from a physical 
dpoint but the sys- 
would not come 
iin 50 percent of 
ig self-supporting if 
rated as a toll facil- 
The report adds, 
vever, that a system 
toll roads such as the 

‘reau Was required to 

ort on does not meet 


most urgent highway needs, and presents a master 


} 


more direct travel. 


of the act, aggregating 








TO THE CONGRESS OF THE UNITED STATES: 

I transmit herewith a letter from the Secretary of Agriculture, 
concurred in by the Secretary of War, enclosing a report of the 
Bureau of Public Roads, United States Department of Agricul- 
ture, on the Feasibility of a System of Transcontinental Toll 
Roads and a Master Plan for Free Highway Development. 

The report, prepared at the request of the Congress, is the 
first complete assembly of data on the use being made of our 
national highway network. It points definitely to the corrective 
measures of greatest urgency and shows that existing improve- 
ments may be fully utilized in meeting ultimate highway needs. 

It emphasizes the need of a special system of direct inter- 
regional highways, with all necessary connections through and 
around cities, designed to meet the requirements of the national 
defense and the needs of a growing peace-time traffic of longer 
range. 

It shows that there is need for superhighways, but makes it 
clear that this need exists only where there is congestion on the 
existing roads, and mainly in metropolitan areas. Improved 
facilities, needed for the solution of city street congestion, are 
shown to occupy a fundamental place in the general replanning 
of the cities indicated as necessary in the report ‘‘Our Cities’’, 
issued in September 1937 by the National Resources Committee. 

The report also points definitely to difficulties of right-of-way 
acquisition as obstacles to a proper development of both rural 
highways and city streets, and makes important and useful 
recommendations for dealing with these difficulties. 

I call the special attention of the Congress to the discussion 
of the principle of ‘‘excess-taking’’ of land for highways. I lay 
great emphasis on this because by adopting the principle of 
*texcess-taking’’ of land, the ultimate cost to the Government 
of a great national system of highways will be greatly reduced. 

For instance, we all know that it is largely a matter of chance 
if a new highway is located through one man’s land and misses 
another man’s land a few miles away. Yet the man who, by 
good fortune, sells a narrow right-of-way for a new highway 
makes, in most cases, a handsome profit through the increase 
in value of all of the rest of his land. That represents an un- 
earned increment of profit—a profit which comes to a mere 
handful of lucky citizens and which is denied to the vast majority. 

Under the exercise of the principle of ‘‘excess-taking’’ of 
land, the Government, which puts up the cost of the highway, 
buys a wide strip on each side of the highway itself, uses it for 
the rental of concessions and sells it off over a period of years to 
home builders and others who wish to live near a main artery of 
travel. Thus the Government gets the unearned increment and 
reimburses itself in large part for the building of the road. 

In its full discussion of the whole highway problem and the 
wealth of exact data it supplies, the report indicates the broad 
outlines of what might be regarded as a master plan for the de- 
velopment of all of the highway and street facilities of the Nation. 

I recommend the report for the consideration of the Congress 
as a basis for needed action to selve our highway problems. 

FRANKLIN D. ROOSEVELT 
THE WHITE HOUSE, 
April 27, 1939. 








six routes. 


and building new roads where necessary to provide 


[n studying the feasibility of a toll system, the Bureau 
selected six routes, located in accordance with the terms 
14.336 miles. Its detailed 
studies show that the cost of constructing this system 


for fast-moving traffic, 
without crossing other 
highways or railroads at 
grade, would be about 
$2,899,800,000, which 
is at the average rate 
of $202,270 per mile. 
The average estimat- 
ed annual expenditure 
for the period 1945-60, 
required for financing 
the construction, main- 
tainmg the property, 
and operating the facil- 
itv would be $184,054,- 
000, which is at the 
average rate of $12,840 
per mile per year. 
Estimates of the po- 
tential traffic on the 
proposed toll system 
were based on actual 
traffic counts on the 
main highways of the 
country and studies of 
the character of high- 
way travel. A number 
of facts led to the con- 
clusion that only a small 
portion of present traf- 
fie could be attracted to 
the toll system. Long- 
distance travel consti- 
tutes only a small frac- 
tion of the total travel. 
Counts made on east- 
west highways at sta- 
tions established on a 
line extending from 
Canada to Mexico 
showed only 300 pas- 
senger vehicles crossing 
the line daily in trans- 
continental travel. The 
system could be 
expected to serve ade- 
quately only that por- 
tion of the traffic hav- 
ing origin and destina- 
tion close to one of the 


Access to the highways would have to be 


\ designed to meet these needs. 
in this plan five classes of improvement are listed. 
' bold attack on the congestion and delays on main 
erles by constructing express highways through 
‘ies, belt-line distribution routes around them, and 
‘passes around small towns, is proposed. It is also 
proposed to create a national system of interregional 
ighways, approximately 27,000 miles in extent, by 
modernizing and improving existing routes of travel 
149838—39——1 


i) 


controlled both for collection of tolls and to prevent 
interference with flow of traffic by entering vehicles. 
Vehicles traveling distances less than the spacing of 
access points would not use the toll roads. 

It is estimated that the utilization of the system would 
average, during the period 1945-60, 12,456,000 vehicle- 
miles per day. Assuming toll charges of 1 cent per 
vehicle-mile for passenger vehicles and an average of 
3.5 cents per vehicle-mile for trucks and busses, this 
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travel would produce an average annual revenue of 
$72,140,000. This is considerably less than the $184,- 
054,000 estimated average annual cost and leads the 
Bureau to conclude that the system studied could not 
be supported by toll collec tions. 

The portion of the proposed system estimated to be 
most nearly self-supporting is the 172 miles from a 
point near Philadelphia, Pa., to a point near New 
Haven, Conn. With the increase in traffic expected 
by 1960, this portion of the system would earn slightly 
more than the estim: ited cost for that year. 

The report states, “If, as an actual test of the feasi- 
bility of a limited mile: age of toll roads, it is the desire 
of the Congress to make provision for the construction 
of a section of highway of substantial length upon which 
there is a reasonable prospect of the recovery of the 
costs through tolls, it is recommended that such provi- 
sion be made applicable to a section of highway, prop- 
erly located, and extending from an appropriate point 
near Washington, D. C., to an appropriate point near 
Boston, Mass.” 

The report recommends the construction of a special 
system of direct interregional highways, with all neces- 
sary connections through and around cities, designed 
to meet the requirements of the national defense in 
time of war and the needs of a growing peace-time 
traffic of longer range. A system of such roads, in- 
cluding 26,700 miles, has been tentatively selected on 
the basis of the detailed traffic data available. Exist- 
ing main highways can be modernized to form a large 
part of the system but some new highways will be 
needed to provide directness of travel. Although 
these roads represent less than 1 percent of the total 
mileage of rural roads, the Bureau estimates they 
would serve, when improved as indicated, at least 12.5 
percent of the total vehicle travel on rural highways. 

More complete information on the character of 
traffic in and near cities than has heretofore been 
available is presented. Traffic maps in the report 
show that about 90 percent of the traffic on main 
highways near the entrances to large cities is bound 
to or from points in cities themselves and cannot be 
bypassed around them. It is found also that a large 
part of the traffic is destined to or bound from points 
in the very heart of the city or points most conveni- 
ently reached by going through the center of the city. 

There is great need, the report indicates, for express 
highways cut directly into and through the center of 
the big cities. These are needed not “only for service 
of the through traffic delivered by the main rural high- 
ways but also for the daily in-and-out movement of 
local traffic between the downtown section and sub- 
urbs centering about the main highways at the periphery 
of the city. 

The West Side Highway and Henry Hudson Parkway 
in New York, and the recently constructed express 
highway in St. Louis are cited as early examples of 
such facilities. The provision of similar facilities in 
Pittsburgh is now receiving serious consideration. 

By preference such express highways should be con- 


structed as attractively landse aped depressed thorough- | 


fares passing under all cross streets. 

Bypasses—the remedy usually proposed for the 
relief of congestion on through streets in cities—are 
said to be only a partial and, by themselves, a not 
very effective remedy. They are recommended around 
the smaller towns and a new type of belt-line distribu- 
tion road around cities is proposed. For maximum 
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effectiveness, both the bypass and distribution highways 
must be free of cross traffic, parked vehicles and devel- 
opments immediately adjacent, to preserve their initial 
advantage against the encroaching growth of the urban 
community, which otherwise soon converts them into 
ordinary local streets. 

Outside of city limits on the 
report shows there is need of modernization of the 
existing roads to ease curvature, reduce gradients, and 
extend sight distance in order more safely to serve fast- 
moving traffic. Near the cities, also, a steadily in- 
creasing mileage of four-lane divided highways is 
believed to be required. 

According to the report, such improvements are 
required on most of the mileage of the Federal-aid and 
State highway systems, especially those parts built 
before the recent considerable increase in the travel 


main highways the 


speed of motor vehicles. For the most part they 
involve only local changes in the existing roads. By 


such changes the bulk of the highway traffic that moves 
between adjacent cities will be amply served. 

The report sketches the general outlines of a Master 
Plan for the improvement of roads and streets to meet 
the real needs of highway transportation. In addition 
to the several classes of improvements previously 
mentioned, the plan includes improvement of a care- 
fully selected mileage of secondary and feeder roads to 
give direct service to a larger number of rural dwellers 
The selection would be made from among the 2,618,- 
000 miles of roads outside of the Federal-aid and 
primary State highway systems. Constituting about 
83 percent of the country’s total road and street mile- 
age, these lesser roads serve at present only about 13 
percent of the total vehicle mileage of traflic. Located 
on them, however, are the homes and working places 
of about 75 percent of the rural population. The 
purpose of the improvement of an additional mileage 
of these roads, therefore, is shown to be that of afford- 
ing better access to rural property rather than the 
service of a large increment of traflic. The choice of 
the roads to be improved should be made in close con- 
formity with a program looking to the promotion of 
economically and socially beneficial land use. 

The report discusses at length the limitations hitherto 
placed upon road improvement by difficulties of right- 
of-way acquisition, and shows that similar difficulties 
are now the principal obstacle standing in the way of 
needed improvements of the several types described, 
especially within and in the vicinity of cities. 

Taking the city of Baltimore as an example of a 
universal condition, it shows, by spotting the location 
of properties on which the city holds tax liens and prop- 
erties being acquired for Federal slum _ clearance 
projects, that a wide belt of decaden® property surrounds 
the central business section. Decay of values within 
this zone (the result of the outward movement of the 
homes of the more well-to-do citizens) is rapidly 
approaching a critical point. Creation of new values 
is beginning to occur, generally without regard to any 
well-conceived future street plan. In Baltimore, pro- 
posed slum clearance projects are shown to lie in the 
path of desirable express highway locations. Al! of 
which indicates the great importance of early consid cra- 
tion of the new street plans which must form the fraine- 
work upon which the cities of the future will be erected. 
It also indicates the need and present timeliness of 
effective measures for the acquisition of land in the 

(Continued on page 75) 
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TESTS OF CONCRETE CURING MATERIALS 


BY THE DIVISION OF TESTS, BUREAU OF PUBLIC ROADS 


Reported by F. H. JACKSON, Senior Engineer of Tests, and W. F. KELLERMANN, Associate Materials Engineer 


UMEROUS methods and procedures used for 

curing concrete pavements are included in the 
scope of the investigation herein reported. However, 
the investigation did not inelude the use of cotton 
mats which have proven highly effective as a curing 
medium, not only on account of their ability to retain 
moisture over a considerable period of time but also 
because they protect the concrete from large fluctua- 
tions in temperature at early ages when its ability to 
resist temperature stresses is low. 

The reason for the omission of cotton mats was two- 
fold. First, the investigation did not involve any studs 
of thermal insulation but was for the purpose of deter- 
mining the ability of various curing agents to retain 
moisture and thereby promote the development of 
strength. In the burlap curing that was used as a basis 
for the comparison of the other methods, the burlap was 
kept in a saturated condition at all times and therefore, 
insofar as moisture loss is concerned, the results were 
the same as would have been obtained with saturated 
cotton mats. Second, the technical and practical advan- 
tuges of cotton mats have been demonstrated conclu- 
sively by previous investigations, both in the laboratory 
and in the field. 

Thorough and complete curing has always been 
recognized as one of the most important single factors 
involved in the construction of a concrete pavement. 
The importance of delaying moisture loss until the 
concrete has attained sufficient strength to furnish high 
resistance to the shrinkage stresses resulting from dry- 
ing is self-evident. For this reason, provisions for 
curing form a very important part of every concrete 
pavement specification. 

for many years concrete pavements were cured 
almost entirely by means of a thorough and continuous 
application of water for periods up to 10 days after 
placing. Curing began by covering the concrete with 
wet burlap applied just as soon after finishing as pos- 
sible. This was kept continuously wet until the follow- 
ing day when it was replaced by a covering of earth or 
straw kept continuously wet for periods of from 7 to 10 
days. It has always been pretty generally agreed that, 
theoretically at least, the ews method is ideal. How- 
ever, 1t requires continuous wetting over a considerable 
period of time, a procedure which is not only expensive 
but requires constant and efficient supervision to insure 
full compliance. 


TESTS MADE TO COMPARE CURING MATERIALS AND TO DEVELOP 
STANDARD TEST PROCEDURE 


So long as only small amounts of pavement were in- 
volved and daily yardages were limited, it was possible 
to enforce such curing provisions without great diffi- 
culty. However, as methods of construction became 


mane efficient, and daily yardages increased, the cost 
OT ¢ 


the requirements mounted rapidly. As was bound to 


lappen, this condition has resulted within the last sev- 
eral years in the introduction of numerous substitute 
methods of curing, designed to accomplish the same 
Purpose without the use of water. Most of these 
methods, involving the use of such materials as various 


‘uring by water as well as the difficulty of enforcing | 


crades of waterproof paper coverings, sodium silicate, 
liquid bituminous products, rubber emulsion, etc., de- 
pend entirely for their efficiency on the ability of the 
materials to retain water within the concrete. The 
materials seal the surface and their use is justified on 
the theory that adequate curing can be accomplished 
by retaining the contained water. 

Many attempts have been made from time to time 
to study the effectiveness of different methods of curing 
concrete through the construction of experimental 
roads, curing different sections by different methods. 
Such procedure would seem to be a very logical method 
of ascertaining the comparative value of different cur- 
ing materials. Actually, however, the impossibility of 
controlling other variables that may affect the result, 
particularly weather conditions, make it of distinctly 
questionable value. 

There are many problems regarding concrete pave- 
ment construction that may be studied with profit 
through the construction of experimental roads. How- 
ever, In the authors’ opinion curing is not one of them. 
[t is believed that such comparisons should be made 
only in the laboratory under closely controlled tempera- 
ture and humidity conditions, using a test procedure 
that will permit direct comparisons of the efficiency of 
different curing materials. Having determined, by 
means of a series of tests of this type, the degree of 
compliance that may reasonably be expected, suitable 
requirements could be written into standard specifica- 
tions and the test procedure used as a standard routine 
laboratory method of evaluating the various materials 
and processes offered for use. 

The tests reported herein were made with the twofold 
purpose of obtaining comparative data on the effective- 
ness of various curing materials and methods now in 
common use and of developing a standard laboratory 
test procedure for use in specifications. The procedure 
followed has been made available to Committee C-9 of 
the A.S. T. M. in developing a tentative method for 
testing curing agents. The curing materials that were 
investigated included, in addition to burlap, calcium 
chloride, used both as a surface application and as an 
admixture; sodium silicate; six waterproof papers; a 
special curing blanket consisting of two layers of burlap 
with a jute bat between; an asphalt emulsion; an 
asphalt cutback; a straw-colored lacquerlike liquid; 
and a rubber (latex) emulsion. The last four materials 
were proprietary liquid curing compounds applied in the 
form of a spray. A brief description of each of the 
materials investigated is given in table 1. 


STUDIES MADE OF 38 DIFFERENT CURING PROCEDURES INVOLVING 
14 MATERIALS 


Several of the surface-sealing materials were used 
both with and without a preliminary 24-hour applica- 
tion of wet burlap. In addition, the time elapsing 
between the molding of the specimen and the applica- 
tion of the curing material was varied. The compara- 
tive effects of burlap curing for 1, 2, and 3 days without 
subsequent curing were also investigated. In all, 38 
different curing procedures involving 14 materials 


were studied, the results being compared with the 
67 
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results obtained with specimens cured continuously 
with wet burlap in sealed containers (ideal curing) as 
well as with specimens exposed to the air without pro- 
tection of any kind. To provide ideal curing the 
specimens were first covered with two layers of wet 
burlap. Over this was placed a metal cover that was 
sealed around the edges to prevent any loss of moisture. 








TABLE 1.— Description of curing materials 
Type Description 
Burlap Weight, 9 ounces per square yard 


Paper A. 2 layers of paper cemented together with bitumen and rein 
forced with sisal fibers. 

2 layers of paper, reinforced in both directions at about 44-inch 
intervals and cemented together with bitumen, bitumen 
applied to 1 layer only. 


Paper B. 


ga ian Same as paper B, except bitumen applied to both layers of 
paper 

Paper D-.- Single layer of unreinforced paper, treated with a white emul 
sion. 

Paper E_. Same as paper D, except treated with a brown emulsion 


Paper F 


..-| Same as paper D, except treated with a brown-white emulsion 
Sodium silicate 


Commercial grade as used for curing concrete. Applied witha 


brush. 
Calcium chloride Standard commercial product (flake) as used for curing concrete 
Curing blanket Consists of 2 layers of burlap with jute bat between. Weight 


22 ounces per square yard 


Liquid curing ma- | Special asphalt emulsion used for curing concrete. Applied 


terial A with a spray gun. 

Liquid curing ma- | Special asphalt cut-back used for curing concrete. Applied 
terial B.! with a spray gun. 

Liquid c ring ma- | A straw-colored lacquerlike liquid. Applied with a spray gun 
terial C 

Liquid curing ma- | A rubber emulsion (latex). Applied with a spray gun 
terial D.! 


1 The liquid curing materials are all proprietary compounds, the exact composition 
of which was not determined 


The results of five series of tests, four after 7 days of 
exposure under the temperature and humidity condi- 
tions described below, and one after 28 days of ex- 
posure, are reported. A brief description of each pro- 
cedure, including the type of curing material involved, 
whether used with or without an initial application of 
burlap, the time of application, and the duration of 
application, is shown in table 2. This table also indi- 
cates the series in which each procedure was used. 

In series A to D, inclusive, the specimens were 
exposed for 7 days in an atmosphere maintained at 
100° F.+2° F. with a relative humidity of 32 percent 
+2 percent, using for this purpose a specially designed 
curing cabinet in which the temperature and humidity 
were controlled automatically within the limits indi- 
cated. Jn series E, the specimens were exposed for 
28 days. Each result reported in series A to D, 
inclusive, with certain exceptions noted in series B, is 
the average of either five or six individuai determina- 
tions made on different days. The results of the tests 
after 28 days, series E, are the averages for from two to 
five specimens, as noted in subsequent tables. 

In series A, 19 methods in addition to the standard or 
ideal method and the method involving no curing treat- 
ment, were investigated. These included burlap for 
1, 2, and 3 days; paper A and liquid curing material A 
with and without burlap; the other papers and liquid 
curing materials without burlap, that is, as recom- 
mended by the manufacturers; calcium chloride, both 
as a surface application and as an admixture; sodium 
silicate; and the curing blanket. It will be noted that 
in this series, surface sealing materials when used with- 
out burlap were applied 3 hours after molding. This 
would represent about the maximum time that might 
be required in the field. Burlap in this series, however, 
was applied immediately after molding. 





TABLE 2.— Description of curing procedures 


Used in serie 
Method 
No 





















la | Wet burlap, sealed with metal cover continuously- Pizizis 
2 | No treatment... ; : . . z\z x 
3a | Wet burlap for 1 day, applied immediately after mold- 
ing : ; es x Bie 
4a | Wet burlaj for 2 days, applied immediately after 
molding. .-. ‘ , pals agaee siz x 
4t Wet burl ap for 2 days, applied 1 hour after molding x 
ic | Wet burlap for 2d , applied 3 hours after molding x 
4c-1 | Wet burlap for 2 days, applied 3 hours after m olding | X 
4c-2 | Wet burlap for 2 days, applied 31 — after molding 2 x 
5a | Wet burlap for lays, applic imediately after 
mold q a, WER . Bis x 
Wet burlay 1 hour after molding x 
Wet burlay r 3 days, applied 3 hours after molding x 
5c-1 | Wet burlay for 3 days, applied 3 hours after molding x 
ie-2 Wet burlap I I hours after molding x 
6a tb diately after mold 
\ \ 
bt ir after molding 
x 
f urs after molding 
: x |x 
73 mediately after mold- 
: x 
7 I ours after molding, 
followed by = 
Sa Wet bt url a] for 1 mmediately after mold- 
ing, followed by hloride (surface applica 
ecccescseces e<e on \ i 
S W et ‘ url sp for lay, applied 3 hours after molding 
followed by calcium chloride (surface application 
1 Wet burl for 1 day, appl nediately after mold 
g, followed by liquid « material A \ X 
Wet burlap for 1 day, applied 3 hours after molding 
followed by liquid curing material A_- x 
Wet Suriap for 1 day, applied 3 hours after me olding, 
followed by liqu r material B x 
Wet bt aril ry f r 1 day, applied immediately after n 
i ium chloride admixture 
Wet burlay for 1 day, applied 3 hours after molding 
calcium chloride admixture 7 
12 ( vurit g blanket, for 3 days, applied 3 hours after mold- 
W: iter] roof paper A, for 7 days, applied 1 hour after 
: \ 
A, for 7 day applied 3 hours after 
a x x \ 
1 B for 7 da applied 3 hours after 
\ i 
C for 7 days, applied 3 hours after 
A 
er 1), for 7 days, applied 3 hours after 
Xx 
7 Ws aterpros of paper E, for 7 days, applied 3 hours after 
moldin 
18c | W aterproe ‘g paper F, for 7 days, applied 3 hours after 
molding. . : x 
19t Liquid curing material A, applied 1 hour after mold 
ing... ? x 
1% Liquid i curing material A applied 3 hours after mold- 
ing. ES eS x | x 
ant Liquid curing material B, applied 1 hour after mold- 
_ as : : a x 
20c | Liquid ewring material B, applied 3 hours after mold- 
oe F ‘ xX 
21b | Liquid curing material C, applied 1 hour after mold- 
= . cope eamuE eae x 
21lc | Liquid curing material C, applied 3 hours after mold- 
aoe inenn cubecnsial zi 3 
22c | Liquid curing material D, applied 3 hours after mold- 
ing...  eWhokeaseascggngeésa es x 
1 The burlap was sprinkled intermittently in such manner as to keep it 
usly wet. 


? The burlap was sprinkled intermittently and ellowed to become dry 
wettings, 


SPECIMENS SEALED TO PERMIT MOISTURE LOSS ONLY THROUGH 
CURING MEDIUM 

Series D was a duplication of series A, run several 
months later. In series B the effect of varying the 
time of application of the curing agent was in\ est! 
gated. For burlap, the effects of delaving the ap) lica- 
tion 1 hour and 3 hours are shown as well as the e:/ects 
of continuous sprinkling and of intermittent sprin. !ing. 
The relative effects of applying paper A‘and | (wd 
curing materials A, B, and C, 1 hour after moldt +. 4s 
well as 3 hours, are also shown. Series C was 1) in lt 
order to obtain additional data on the effect of ising 
waterproof paper and liquid curing material th 4 


preliminary 24-hour application of wet burla» fo! 
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the usual method which does not 
Series E gives the results of a series of 
28 days of exposure, using, in general, the 
A and D in which the 


comparison with 
require burlap. 

tests after 
same methods as used in series 
specimens were exposed 7 days. 

The effectiveness of each curing method was measured 
both in terms of relative moisture loss and relative 
strength, using test specimens of 1:2 mortar, 6% inches 
wide by 12 inches long by 2 inches deep. The curing 
material was applied to the top or molded surface of the 
specimen, and sealed around the edges in such a manner 
that moisture could escape only through the curing 
medium itself. The rate of moisture loss was measured 
for each method by determining the loss in weight at 
various intervals during the exposure period. 

The specimens were molded in watertight sheet metal 
pans, the bottoms of which were reinforced with angle 
sections for a stiffening effect. This was done because 
it was frequently necessary to handle them at about 
the time initial set was taking place and it was felt that 
molds that were not rigid might allow stresses to be set 
up within the specimen. 

The procedure followed in fabricating the specimens 
was to mix just sufficient mortar for one test specimen 
at a time. <A well-graded concrete sand was used in 
the mortar together with sufficient water to produce a 
plastie consistency. In each series, the water-cement 
ratio was maintained constant. However, because of 
slight differences in grading of sand used in the different 
series, it was necessary to vary slightly the water- 
cement ratio from series to series. The maximum dif- 
ference did not exceed 0.02 by weight. The mortar was 
puddled into the molds with the gloved fingers, after 
which the surface was struck off with a single stroke 
of a steel blade. No troweling was done. Immediately 
after molding, the specimens were weighed, these weights 
being taken as the initial weights from which the mois- 
ture losses were computed. 

In allinstances where burlap was applied immediately 
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but were 
+2° F. but 


in the saat aaemmitid curing cabinet, 
placed in an oven maintained at 100° F. 
without humidity control. Where burlap was applied 
| or 3 hours after molding, the specimens were placed 
in the humidity-controlled cabinet until the burlap 
was applied after which they were placed in the oven. 
This was necessary because the procedure for burlap 
curing required that the material be kept saturated for 
the entire time of application. This would have made 
it impossible to maintain a constant humidity in the 
cabinet. 

The burlap cover was kept saturated by immersing 
an overhanging end in a pan of water. It was found 
that in order to insure even and continuous saturation 
over the entire surface of the specimen it was necessary 
to use three layers of burlap. This method of keeping 
the specimens wet was used in order to avoid the neces- 
sity of opening the oven doors frequently for the purpose 
of sprinkling. 


RELATIVE EFFICIENCY OF EACH CURING METHOD DETERMINED 


At the conclusion of the period of burlap curing the 
specimens were removed from the oven, the burlap 
removed and the specimens immediately placed in the 
curing cabinet (where burlap curing only was involved) 
or covered with the final curing material and then 
placed in the cabinet. 

In instances where burlap curing was not involved, 
the procedure was to place the specimen in the humidity- 
controlled cabinet immediately after molding. After 
the concrete had set, or after passage of a prescribed 
interval of time, the specimen was removed for the 
purpose of applying the curing material, after which it 
was replaced in the cabinet for the duration of the test. 

At the conclusion of the exposure period the speci- 
mens were removed from the cabinet, the molds re- 
moved and the specimens immersed in water for 2 days 
prior to testing for flexural strength. Forseries A to D, 
inclusive, the age at test was therefore 9 days whereas 


after molding (except where it was sealed in as in | for series E it was 30 days. To facilitate absorption of 
iuethod 1), the specimens were not placed immediately | water, the upper and lower surfaces of each specimen 
TABLE 3.—WSeries A; results of tests after 7 days! 
Pro edure 
Sas - Relative effi- 
. , Water remaining in specimens at age indicated 2 : ciency, 
- Pins inal curing mate- yased on— 
Type of curing — rial Flexural 
: a a —— _ a - __| strength 
Applied Duration Applied Duration w 
after of appli- after ofappli- 3hours lday 2days 3days 4 days 7 days ater Strength 
molding cation molding cation loss 
Lb. per 
Hours Days Hours Days Percent Percent Percent Percent Percent Percent | sq. 1n. 
Burlap 0 7 102 1,018 100 100 
None. ; oak 97 79 77 76 74 73 561 0 0 
Burlap_._. : 3 0 l 101 V5 93 92 90 R61 59 66 
a iene ‘i 0 2 102 Qs 96 04 988 72 93 
do ; 0 3 ‘ 102 99 97 996 83 95 
P aper A with burl: ip... x oe 0 1 24 6 zi 101 101 100 100 100 1,025 93 102 
odium silicate with burl: AD. ae 0 l 24 6 101 8 96 95 94 908 72 76 
Caleium chloride with burl: ee 0 l 24 6 101 6 95 94 90 1,022 59 101 
Liquid material A with burlap... 0 1 24 6 _ 101 101 100 100 100 1,055 93 108 
Cc al ‘tum chloride admixture with 
burlap..__- a, St 0 1 101 97 96 95 92 947 66 84 
Curing blanket. 3 3 a6 7 x 89 86 740 45 39 
Paper A. 3 7 06 96 6 ) 5 95 769 76 46 
P sper B.. asa 3 7 97 06 5 o4 94 94 768 72 45 
Paper ( - woe 3 7 97 97 '7 OF 95 95 808 76 54 
6 Paper D See fae wie 3 7 96 84 82 80 80 77 571 14 2 
. Ce, SERIES Aa I 3 7 6 84 82 81 8 78 634 17 16 
Li Sgt a ee ON EPP 3 7 95 R4 82 80 79 77 610 14 11 
iquid material A_................. 3 7 95 6 vi OF ) 94 791 72 50 
guia water e.. | oe 3 7 95 5 3 ) 92 762 66 44 
Gis Mate ©... .2....... <2. CR WER eae 3 7 06 90 89 88 87 85 673 41 25 
LAGnie Geass -......... 4... 3 7 96 94 3 93 92 92 724 66 | 36 





’ All results average of 5 tests. 


? Based on total water in specimens after molding. 











3’ Mixing water contained 2 percent calcium chloride. 





70 


were rubbed with a carborundum stone prior to immer- 
sion. This procedure was followed in an effort to 
place all specimens in a uniform condition, insofar as 
contained moisture was concerned, prior to test. As 
will be discussed in detail later, this apparently was not 
accomplished under all conditions, possibly accounting 
for certain discrepancies in the strength results that 
were observed. 

Flexure tests were made at the conclusion of the 2-day 
resaturation period, the load being applied at the cen- 
ter of a 9-inch span, with the top surface as molded in 
tension. 

The rate at which specimens cured by the different 
methods gave up water at various periods from time 
of molding up to and including 7 days of exposure, the 
flexural strengths at 9 days, and the “relative effi- 
ciency,’ from the standpoint of both water retention 
and strength, are shown in tables 3 to 6, inclusive; 
except that table 5 (series C) contains no data on rela- 
tive efficiency because in this series no values were 
obtained on the specimens receiving no curing treatment 


TABLE 4.—WNSeries B; re 
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| (method no. ). Corresponding values for 28-day 
exposure are shown in table 7. 

Relative efficiency as used in this report is a value 
that represents the comparative effectiveness of the 
particular method involved on the basis of 100 for speci- 
mens cured by the ideal method (method la) and 0 for 
specimens receiving no curing treatment (method 2). 
Thus, in series A, table 3, the strength of the ideally 
cured specimens averaged 1,018 pounds per square inch, 
whereas, the specimens receiving no curing treatment 
averaged 561 pounds per square inch. The difference, 
457 pounds per square inch, may be considered as 
representing the gain in strength that was attained 
through ideal curing. On this basis, method 3a, 24-hour 
burlap curing, with a strength of 861 pounds per square 
inch, had a relative efficiency of 66. Values for relative 
efficiency based on water loss were computed in the same 
manner. 

Thus, from table 3 it will be noted that the specimens 
given no curing treatment (method 2) averaged 27 

| percent moisture loss at 7 days, whereas, the specimens 


») 


sults of tests afte r } days 




















Procedure Water remaining in spec el it age ited 
— . is . aoe tani - — Relative effici 
, i 
Final curing based 
Burlap aalimniie . 
— Type-of curing _ _ ee —— ; ; 
lhour 3hours| 1day  2days 3days | 4 day 7 days | 
Applied | Duration, Applied Duration Water 
after | of appli- after of appli- ee | Strengt 
molding cation molding cation — 
Lt per 
Hours Days Hours Days (|Percent Percent Percent Percent Percent Percent Percent sq. in 
eee ee 0 | eee 103 924 10 
> aes d 73 7 69 6s 65 574 0 
4a | Burlap 0 2 102 Of a4 l S79 hs 
Ce ceded Sear 1 2 9 Gg 2 aD &7 841 58 
OB lncnns _ See 3 2 ni 03 iF 3 con) 827 HF 
34c-1 | Burlap sprinkled intermit 
_ eer 3 2 f ag } 43 i) 798 a 
44c-2 — |e 3 2 4 H sf BS s2 714 45 
Rs cacao ceaneaanwas 0 3 104 v9 ’ 910 79 
 ) _ aes 1 3 yy Wy “4 ”) 907 66 
cS a ae 3 3 UF 102 12 &5Y 71 
35c-1 | Burlap sprinkled intermit 
—s§- [=e 3 3 i7 D 44 9) SSS 6s 
4 5ce-2 ss ae Seer 3 3 OF rT Su SE HS 3 2 
_ 6a | Paper A with burlap... 0 l 24 6 2 we 102 102 101 01 100 Sud 12 
6b |...-.- ee 1 l 24 6 99 . ag 99 4g Ys 97 156 S4 
fe = = 3 1 24 6 96 103 102 101 101 100 925 2 
lS Se es Sere -” 1 7 99 17 OF 96 OF v4 855 76 ‘ 
RRS LS, een ores 3 7 J : Of 45 y “4 v4 93 &38 74 7 
19b | Liquid material A--......-- 1 7 99 v2 SY SS ST SS 773 3 
a cag neni main 3 7 OF 4 OF 94 “4 a3 849 74 
20b | Liquid materia] B_........_|......-.-- 1 7 99 ; 92 90 &S 87 s4 807 0) 
oe a eaebuniadea eon, Ene 3 7 95 “4 4 93 92 92 919 7 
eee Sees, See 1 7 99 RF &2 80 79 76 657 29 “4 
. SS eer Pe ears ihe eced esting Mercer erence to aetepatick sr 3 7 4 RS RE s4 &3 §1 733 42 45 
1 Al] results average of 5 tests except as noted. 3 Average of 3tests. Burlap kept constantly in a moist condition 
1 Based on total water in specimens after molding. 4 Average of 2tests. Burlap allowed to become practically dry before each sprink 
TABLE 5.—Series C; results of tests after 7 days! 
| Procedure 
Water remaining in specimens at age indicated ? 
Final curing 
Burlap shite > 
wamet Type of curing material Flexura 
| Applied (Duration | Applied | Duration 
after of appli- after | ofappli- | 3 hours 1 day 2 da 3 days 4 days 7 days 
molding | cation | molding | cation | 
per 
| JTours Days Hours Days | Percent Percent Percent Percen’ Percent Percent mn 
a aan imide adaalnaa ancient | 0 2 a a ; 104 So 
oot Peer A Wee oeree....................... 3 1 | 24 | 6 | v6 102 102 102 102 100) 5) 
9c | Liquid material A with burlap_-_---------- 3 1 24 6 | 06 104 103 02 102 100 823 
10¢c | Liquid material B with burlap_------------} 3 1 24 ¢ 95 102 101 101 100 OR set 
MS wi) aa 3 | 7 95 44 04 44 93 92 ist 
We | Liquid material A.........................- |. 3 | 7 45 95 95 | 94 94 94 §18 
CO NE  — EEE Rcisevengne peere es 3 | 7 95 94 93 | 92 92 | 90 ist 
| 





1 All results average of 6 tests. 


? Based on total water in specimens after molding 
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TABLE 


Method 
No 


Type of curing 








2 None 

{4 0 «Burlay 

44 

5a a 

6a Paper A with burlay 

7a Sod licate with burlay 

sa OC chloride with burlap 

im = =Liqu iaterial A with burlap 

lia Cal chloride admixture with 
Dburlay 

12 Curing blanket 

l3ec Pam \ 

l4e Paper B 

l5e Paper ¢ 

16x Paper DD 

17 Paper } 

18 Paper I 

1M Liquid material A 

2K Liquid material B 

2le Liquid material ¢ 

22 Liquid material D 

All results average of 5 tests 


? Based on total water in specimens after molding 


Mixing water contained 2 percent calcium chlorice 


TABLI 





Pp 
Method Pype of curine Burlay 
\ 3 
Applied Durat 
after of apy 
molding cation 
Tlours Day 
la Burlap v 
2; None... 5 
‘3a Burlap. Uv 
$4 do 3 
‘4a do v 
8 4c .do. 3 
‘Sa de v 
§ Fy de 3 
‘fa, Paper A with burlay; 0 
5 AK do 3 
‘7a | Sodium silicate with burlay 0 
7 do 3 
*S8a | Calcium chloride with bur- 0 
5 & ; 3 
‘¥a material A with bur- 0 
lap 
5% do 3 
‘lla | Calcium chloride admixture 0 
with burlap 
Sik do 3 
l2c | Curing blanket 
13¢ Paper A 
l4c | Paper B 
Lic Paper ¢ - 
lfe | Paper D - 
l7c | Paper - 
Sc | Paper F. 
19e | Liquid material A_.. 
20c | Liquid material B 
2k Liquid material C 
2 Liquid material D 


Results average of 5 tests except as noted 
ised on total water in specimens after molding 


P Che relative efficiency based on strength was computed for each test separately 
I the strength of the ideally cured specimens and the specimens given no curing 


totorce 


t 


tinent in that test, and the average of these values is the relative efficiency s 
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of tests after 


Water ren 





it 
7 
” ) 
7 
7 & 
“ 
7 4 
“ 
f tests afte 
ter re i} 
lay lay ( 
Pe Per Per 
ent ent é 
( 14 2 
( 413 2 
03 Us 
02 7 
( lt { 
03 1¢ ( 
01 17 vf 
04 ys 7 
0 i7 } 
( s 7 
0 104 in 
01 100 a8 
04 US Of 
04 rT ) 
&O 
it 4 44 
) 13 ) 
OF Wj } 
Ss. 7s 7s 
3 SO 79 
Ss] 7s 72 
4 U4 44 
“3 vO 4] 
SA S4 
Su SS s 


Average of 2 tests 
Average of 3 tests 


€ Mixing water contained 


Flexural 
Strength 


810 











Relative efficiency 


4 
based on 


Water Strength 
100 100 
0 0 
5] 70) 
6S 93 
76 104 
SY 115 
AQ SY 
57 90 
sf 115 
57 &3 
16} 45 
70 63 
70 61 
73 oy 
1] Y 
19 8 
lf l 
62 1 
if) 27 


= 
— 


Relative effi 
ciency based on 


Water Strength 3 


loss 

100 100 

0 0 

| 42 
47 31 
63 56 
56 38 
67 52 
63 42 
bell 125 
&6 96 
60 46 
60 38 
60 69 


74 60 
58 46 














¢2 


cured continuously under burlap (method la) gained 2 | Taste 10 


percent in weight. By giving this value a rating of 100 
and that for specimens given nocuring treatment a rating 
of 0, the relative efficiency of, say, method 3a, with a 
moisture loss of 10 percent, was found to be 59. This 
method of rating the efficiency of the various curing pro- 
cedures is considered more satisfactory than expressing 
the result as a ratio of the value for ideal curing because 
it is a measure based on the difference in result between 
ideal curing and no curing treatment, whereas the latter 
expresses the result in terms of ideal curing only. 

SURFACE 


SEALING MATERIALS DID NOT 


MOISTURE LOSS 


COMPLETELY PREVENT 


The relative efficiencies of the several curing proce- 
dures are also shown in tables 8 to 12, inclusive, to 
facilitate comparisons between similar methods as well 
as to provide ready comparison of the results obtained 
for the same procedure in different series 
TABLE 8.—Effect of time of application and duration of curing 

using wet burlap 
Relative efficiency based on 


“ Water loss Strength 
Z Procedure — - - 
= eizivlsleilzigsis 
x NIiNIinicininin| < 
3a | Burlap for 1 day; applied immediately 
after molding-.__.._- Sees 5y |. 51 | 55 | 66 70 hs 
4a | Burlap for 2 days; applied immediately 
TEETER aC eer 72 | 68 | 68 | 69 | 93 | 87 | 93 91 
5a | Burlap for 3 days; applied immediately 
eS 83 | 79 | 76 | 79 | 95 | 96 |104 | Os 
4b | Burlap for 2 days; applied 1 hour after 
IRSA eee 58 |_. 58 76 TF 
5b | Burlap for 3 days; applied ‘T hour after 
I icine coaenaes lomnaiiniedelichinilidiniianinine 66 |_- 66 95 
4c | Burlap for 2 days; applied 3 hours after 
| ae 66 fF 72 72 
5c | Burlap for 3 days; applied 3 hours after 
I csc clantal aia tll a isinltcrenstin tees ; 71 71 81 8] 
4c-1 | Burlap for 2 days; ‘applied 3 hours after 
molding; sprinkled intermittently; 
kept continuously wet...........-- 66 66 66 |_. 6t 
5c-1 | Burlap for 3 days; applied 3 hours after 
molding; sprinkle d intermittently; 
kept continuously wet--..-.---. 1m 68 68 92 72 
4c-2 | Burlap for 2 days; applied 3 hours after 
molding; sprinkled intermittently; 
allowed to become dry between wet- 
Sliditeth akenddamedmaidanenmnnnmenl >< .| 45 45 37 37 
5¢e-2 | Burlap for 3 days; applied 3 hours after 
molding; sprinkled intermittently; 
allowed to become dry between wet- } 
rt Ree 53 53 32 32 








TaBLE 9.—Comparison of various curing papers and effect of time 


of application 


| Relative efficiency based on— 

















4 5 | Water loss Strength 

7 4 Procedure ae |—— aces ota 
z 3 | “<|aiAaig | <“<|aio/g 
= 2 | PIS Sl St eaisiais 
= Se | wliteizieizizi=al § 
-. a DINIn|tininini<« 
13b A Paper for 7 days; applied 1 hour | 

after molding - : .o jee, | oe 80 |....| 8 
13e A Paper for 7 days; appli ‘d 3 hours } | 

after molding. - . _- | 76 | 74 | 70 | 73 | 46 75 | 63 61 
l4e B Paper for 7 days; applied 3 hours. 

after molding - ittthecwndadl tO beconl tO | 48 2 ae 1-0-4 Oe) SS 
15¢ Cc Paper for 7 days; applied 3 hours 

after molding _- SORE ATES % 73 | 74| 54/_...1 69] 62 
l6¢ D Paper for 7 days; applied 3 hours 

after molding - - eee eee) ei 6 
17¢ E Paper for 7 days; applied 3 hours 

ee a i ei i fii. 8 12 
18¢ F Paper for 7 days; ap plied 3 hours 

SEER. 4 ctr eudnceederin 14 16) 15] 11]... 1] € 

| | | 


PUBLIC ROADS Vol 








20, No. 4 


Comparison of various liquid curing materials and 
effect of time of application 


Relative efficiency based on 





iype 
1- 
= uid Water loss Strength 
Z eur Pr i us 
& ma- Se- | Se- | Se- | Av-| Se- | Se- | Se- | Av- 
> Ut ries ries |ries | er- |ries ries |ries| er- 
Ss ria A B | D |age| A B | D /age 
rt \ I pplied 1 hour 7 
%~Ot B I pp j hour () 4) ( f 
rit ( I ipplied | hour Zu ps 24 a4 
rt \ I ipplied 3 hour 72) 741) 73 | 7 0 | 79 5 
») B I ipplied 3 ur tit 7 62 | 6 44 "7 i 
2 ( Lic il “4d 3 hour 4 412 | 4 H 2 j 2 
29 D Li wri Dt ay ur ty Q 62 U } ‘ 
TABLE 11.—Comparison of paper and liquid curing materials wit! 


and without prel minary curing w 
appl catlior 


th b irlap, and effe cl of time of 


Relative efficiency based 


- Water loss Strengtt! 
4 Proced 
= Se- | Se- | Se- | Av-) Se- | Se- | Se-| A 
> ries |ries jries | er- |ries |ries ries 
= A B | D {|age| A B | D | age 
fa Br — applied immediately, followed | 93 | 92 | 89 | 91 |102 | 91 
24 hours by paper A for 6 days 
6b Burl ap applied 1 hour after molding, “4 s4 Wy 
followed in 24! h irs by paper A for 
6 lays 
6c | Burlap applied 3 hours after molding, 2 92 100 
followed in 24 hours by paper A for 
§ days 
13b) Paper A for 7 days; applied | hour after 76 76 sO 5 
molding 
13 Paper A for 7 day applied 3 hour 76 | 74 | 70 | 73 | 46) 7 
after molding 
Ja | Burlap applied immediately followed 93 86 | 90 | 108 
in 24 hours by liquid material A 
lyt Liquid material A applied 1 hour after 53 7 
molding | 
1% Liquid material A applied 3 hours after | 72 | 74 | 73 | 73 | 50 | 79 


molding 


TABLE 12.—Relative efficiencies of miscellaneous curing mater 
Relative eff t 
W iter loss Str 
SC ype of curing Procedure ’ 
4. < Qa » < a 
5 A\El<\ a “ 
ij | 
7a | Sodium silicate with | Burlap applied imme- | 72 ; 59 | 66] 76/5 ‘ 
burlap diately followed in 24 
hours by sodium silicate. | 
8a} Calcium chloride | Burlap applied imme- | 59 | 57 | 58 (101 
with burlap diately followed in 24 | | 
hours by a surface ap- | 
| plication of calcium chlo- | 
ride. | 
lla | Calcium chloride ad- | Burlap applied imme- | 66 | 57 | 62 | 84 
mixture with bur- diately for 1 day; 2 per- | 
lap cent calcium chloride ad- | } 
mixture added to mixing | | 
water | | 
12c | Curing blanket Curing blanket for 3 days; | 45 | 46 | 46 | 39 44 
applied 3 hours after | 
molding. | 
In the following discussion of the results show: ™ 


tables 3 to 7, inclusive, consideration will be given 'rst 
to the rate at which specimens cured in various \ 
lost water during the exposure period. 


Lys 


In gener il, the 
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values obtained for the various methods checked very 
closely from series to series. The data also show that 
the different methods varied considerably in 
ability to retain moisture. As would be expected, burlap 
covering applied immediately and kept saturated 
(methods 3a, 4a, and 5a) not only retained all of the 
mixing water during the entire period of application, 
but also added water in amounts of from 1 to 4 percent. 
Hlowever, as soon as the burlap was removed, the speci- 
mens started losing water, the amount retained at the 
end of 7 days depending upon the duration of the burlap 
curing 
It will also be observed that, where the initial curing 
material was not applied until 3 hours after molding 
methods in which the letter ¢ follows the numeral), the 
specimens lost from 3 to 5 percent of the mixing water 
before they were covered. Where burlap was used and 
removed at the end of 24 hours (as, in methods 6e¢ and 
Qe), all of this water was regained during the first day 
after application, Hlowever, where no burlap Was 
used (methods 13¢ to 22e, inclusive), the loss was per- 
manent, the surface sealing materials being unable to 
supply moisture lost during this period. In series B, 
table 4, tests were run with burlap applied 1 hour 
after molding as well as after 3 hours (methods 4b, 
Sb, and 6b). For some unknown reason this procedure 
did not result in adding water to the specimens, the 
amount of contained moisture being exactly the same 
at the end of the burlap curing period as when it was 
pplied. 
It will be noted that none of the surface sealing mate- 
Inls was completely effective in retaining all of the 
mixing water throughout the 7-day exposure period 
lor these materials moisture losses varied from 1 to 3 
percent for the most effective materials to as much as 
) percent for the poorer materials. Furthermore, for 
viven material, this loss was about the same whether 
e material was used with or without burlap. When 
posure in the curing cabinet was carried to 28 days 
table 7), further loss in moisture was observed in 
ery instance, the amounts ranging from 2 to 11 
reent, depending upon the material. In general, 
ers A, B, and C and liquid curing materials A and 
Is were the most efficient of the surface seals in retaining 
ter; sodium silicate, the curing blanket, and liquid 
ring materials C and D> were intermediate; and 
ers D, E, and F were the least efficient. However, 
stated above, none of the surface sealing materials 
lied was completely effective in retaining moisture 
Ing the 7-day exposure period, 





»TRENGTH DETERMINATIONS AFFECTED BY NONUNIFORM 
MOISTURE DISTRIBUTION WITHIN SPECIMENS 


(he relative efficiencies of the several curing pro- 
ures based on both water loss and flexural strength 
7 days of exposure, as given in tables 3 to 6, 
isive, have been regrouped in tables 8 to 12, 
isive, In order more readily to compare the effect 
arving the details of similar methods of application 
vell as to facilitate comparisons of the results of each 
lod from series to series. 
i Studying these data the reader is cautioned against 
ving conclusions regarding the comparative values 


ol the different methods based on comparisons of 
’ : ‘vidual relative efficiencies. This applies particu- 
{ ily to efficiencies based on flexural strength results. 
: As will be noted from the tables, these values for a given 
e : 19S38—39 2 





their 
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method varied considerably from series to series. The 
Varlations were more pronounced for the surface 
senling materials such as paper and the liquid curing 
materials, than where methods involving burlap only 
were used. Furthermore, they seem to foliow a general 
trend in that the efficiencies calculated from the results 
of tests made in series A are, in general, low; those 
obtained from series B, are, in general, high; while the 
results obtained from series D are, as a rule, interme- 
diate. As previously mentioned, these discrepancies 
may possibly be the result of variations in the moisture 
condition of the specimens at the time of test. 

As is well known, the distribution of moisture within 
a flexure specimen at the time of test will appreciably 
affect its strength. In general, if the shell of the speci- 
men contains more moisture than the core (a condition 
usually resulting from incomplete saturation after dry- 
ing), the extreme fibers will be in compression and the 
observed breaking load will be higher than the true 
value. On the other hand, if the shell contains less 
moisture than the core (a condition usually associated 
with incomplete drying) the observed value will be 
lower than the true value. Because of the fact that 
these specimens were tested after an immersion period 
during which they may not have absorbed sufficient 
water to become completely saturated, it is possible 
that the comparatively high relative strengths obtained 
in certain series may have resulted from incomplete 
saturation of the specimens. 

In preparing the specimens for test, every effort was 
made to insure uniform distribution of moisture. This, 
of course, is the only condition under which flexure 
tests of concrete should be made. However, inspection 
of the fractured specimens indicated that in many 
instances complete saturation was not accomplished 
even after 48 bours of immersion. The ideally cured 
specimens (method la) were, of course, thoroughly 
saturated when tested. The specimens that were given 
no curing treatment, as well as those cured with the 
least efficient surface sealing materials, because of their 
lack of densitv, absorbed water more readily upon im- 
mersion than the specimens cured by the more efficient 
surface sealing materials. Therefore, if the low ratings 
for the various curing materials were obtained because 
of more complete saturation, these ratings may possibly 
be considered to represent more nearly the true curing 
effect than where high ratings for the same method are 
shown. 

[n spite of wide variations in strength results in the 
different series, it is felt that the strength data are 
significant in that they indicate definite trends insofar 
as the general effectiveness of the several classes of 
curing materials are concerned. These trends will be 
pointed out in the following discussion of tables 8 to 12, 
inclusive. 


EFFICIENCY OF LIQUID CURING MATERIALS INCREASED BY 
DELAYING APPLICATION FOR 3 HOURS 


In table 8 the results of varying the time of applica- 
tion after molding and the duration of curing with wet 
burlap are given. It will be noted that, regardless of 
the time elapsing before the application of the burlap, 
the efficiency of this method of curing is increased as 
the length of the period of application is increased. 
This is true for both water loss and strength. For 


instance, method 3a, where the burlap was applied 
immediately and remained in place for 1 day, had a 
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relative efficiency based on water loss of 55 and on 
strength of 68. When the same material was allowed 
to remain in place 3 days (method 5a) the efficiency 
based on water loss was raised to 79 and that based on 
strength to 98. The effect of delaying application of 
the burlap was to lower the efficiency as measured by 
strength (methods 4a, 4b, and 4c, for 2-day curing 
compared with methods 5a, 5b, and Se, for 3-day 
curing). The same trends appear when the efficiency 
is measured by water loss, except that for both 2-day 
and 3-day curing the amount of water remaining at the 
end of the 7-day period was somewhat less when the 
burlap was applied 1 hour after molding than when 
applied 3 hours after molding. This reversal of trend 
has already been commented upon. 

The results for methods 4c—1, 5ce-1, 4e—-2, and 5e-2 
show the effects of continuous and intermittent sprink- 
ling. Comparing 4c with 4c-1 and 5e with 5e—1, it 
will be noted that about the same results were obtained 
when the burlap was kept wet by sprinkling as when 
continuously saturated by keeping an end of the 
covering immersed in water. The effectiveness based 
on both water loss and strength was, however, seriously 
affected when the burlap was allowed to dry between 
the sprinklings (results for method 4c compared with 
4c-2 and 5c with 5c-2). These data illustrate the 
importance of maintaining a continuously wet covering 
when burlap is used. 

The results obtained with the six curing papers are 
shown in table 9. Papers A, B, and ©, seem to be 
about equally effective as is also true for papers D, FE, 
and F, except that the latter three papers show much 
poorer results. Papers D, E, and F, in fact, gave 
strengths little better than those for specimens receiving 
no curing treatment. The effect of period of applica- 
tion for paper A may be noted by comparing methods 
13b and 13c. It will be observed that the efficiency of 
the paper, especially from the standpoint of strength, is 
somewhat less when the time of application is delaved. 

Comparisons of the effectiveness of the various liquid 
curing compounds when used without burlap, that is, as 
recommended by the manufacturers, may be made 
from table 10. It will be observed that liquid materials 
A and B were considerably more effective than materials 
C and D. However, in no instance except one does 
the average efficiency approach that obtained by, say, 
the 3-day burlap curing shown in table 8, method Sa. 
The exception is method 20c, series B. This is an 
instance where an unusually high value may have 
resulted from incomplete saturation of the specimens. 

It will be observed also that in every instance except 
one, the relative efficiency of the liquid curing materials 
is increased by delaying the application until 3 hours 
after molding. This is just the reverse of the trend 
shown for curing with paper A (table 9). This in- 
creased efficiency may possibly be accounted for by the 
fact that when the liquid material was sprayed on at 
the end of 3 hours, surface moisture had disappeared 
to an extent which permitted a more perfect seal than 
when the material was applied at the end of 1 hour. 
The results emphasize the necessity of watching this 
ery carefully when applying such materials in the 
ield. 


PRELIMINARY CURING WITH BURLAP BENEFITED 
LATER CURED WITH OTHER MATERIALS 


SPECIMENS 


Table 11 permits a comparison of the results obtained 
with paper A and liquid curing material A when used 
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with and without an initial curing of wet burlap. It 
will be observed from the data that for both methods 
the efficiency of the surface sealing material is materially 
increased by the prior use of burlap. Additional data 
along this line are shown in table 5 (series C). The 
results of these tests were not included in table 11 be- 
cause, due to the omission of the method involving no 
curing treatment, no calculations of relative efficiency 
could be made. 

The results indicate that when application of the 
burlap is delayed for 3 hours, the strengths of the 
specimens cured without burlap (13c¢, 19¢, and 20c) are 

as When burlap was used. How- 


very nearly as high 
ever, because the saturated burlap returned to the 
specimen water lost during the first 3 hours, the total 
water retained at the end of 7 days was somewhat 
higher when burlap was used than when the paper and 
liquid curing materials were used as recommended by 
the manufacturers. In general, the conclusion is that 
for best results such surface sealing materials as paper, 
liquid asphalt, ete., should be used following applica 
tion of wet burlap for 24 hours. 

In table 12 are shown the results of tests with sodiun 
silicate, calcium chloride, and the special curing blanket 


In testing these materials the general practice as 
used in the field was followed. For sodium. silicate 
the results indicate an effectiveness somewhat less, 


general, than for a 3-day application of burlap) and 
considerably than the best waterproof paper ol! 
liquid curing materials used with burlap. 

The results with ealeium chloride are rather cor 
flicting. For instance, the strengths obtaimed in thi 
surface application method are somewhat highe rT thar 
would be expected from the water losses indicated. — | 
is apparent that, at the low relative humidity to whieh 
these specimens were subjected (32 percent) the cal 
cium chloride withdrew water from the specimen ratli 
than from the air. The strengths, however, are qui 
high. The admixture did not seem to provide ar 
better water-retaining properties than many of the 
surface seals. Moreover, under these conditions, t! 
strengths of the specimens contaming the admixt 


less 


were quite low. This also may have been due to tli 
low humidity and high temperature (100° F.) to whicl 
the specimens were exposed. 

PROTECTION AGAINST MOISTURE LOSS OF GREATEST 


IMPORTANCE 


The special curmg blanket, which was 
when applied and remained in place 3 days, was quit 
low in efficiency as measured by both strength and 
water loss. Attention is directed to the fact that this 
blanket was of burlap and jute and it should not be 
confused with the cotton mats which, as previously 
stated, have effective for 


wet once 


proven highly curing pul 
poses. Neither should the results obtained with the 
jute blanket be regarded as representative of w /iat 


would have been obtained had the blanket been wet 
at sufficiently frequent intervals to have kept it 
continuously moist condition. 

Relative efficiencies of the various curing materials 
based on water retention and strength at the end ©: 25 
days, are shown in table 7. Attention is called to the 
fact that, for methods 3 to 11, inclusive (methods in. »lv- 
ing the use of burlap), the results are the averag. 0! 
only two tests for the ‘‘a’”’ methods and three test- [or 
the “‘c”’ methods, instead of five tests as in all «her 
instances. 
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With the above limitation in mind, it may be noted 
that all of the methods involving burlap only, that is 
methods 3a to 5c, inclusive, had low ratings after 28 
days as compared to the corresponding results at 7 day s. 
Furthermore, the beneficial effects of burlap curing for 
3 days as compared to curing for 1 day appear to be 
somewhat pronounced, Specimens cured with 
waterproof paper A following burlap curing (methods 
6a and 6c) developed high strength at 28 days. Atten 
tion Is called to the fact that the paper remained in 
place for the full 28-day period. The same material 
without initial burlap curing (method 13c¢) showed 
relative efficiency of only 40 as regards strength. 

Liquid curing material A gave high strengths when 
the burlap was applied immediately (method 9a) but 
showed a comparatively low relative efficiency whet 
application of the burlap was delayed 3 hours (method 
Qc). Without burlap, liquid material A (method 19% 
showed a rating of 56, only slightly lower than the 
combination in which the burlap Was applied alter 5 
hours. These trends seem to parallel in general the 
indications at 7 days (table 5, sertes C and table 11 
With respect to burlap curing as compared with the 
sealing materials, it might be pointed out that in this 
high-temperature, low-humidity atmosphere, the curing 
with burlap was discontinued at 3 days, wherea 

iring continued to some extent under the seals that 
were effective 

The relative efficiencies of the methods employing 

odium silicate, ealetum chloride, and the curing blanket 

methods 7, 8, 11, and 12) are about the same at 2S 

days as at 7 days, when judged from the standpoint of 
vater retention, but are much lower when considered 

from the standpoint of strength. However, the small 
imber of specimens represented make any ComMparl 
ms involving these methods of doubtful value 

The most significant point in connection with the 

S-dayv test data lies in the fact that in only two in 

tances did the strength ratings anywhere near approach 

hat of method la. These methods, burlap applied 
mediately followed by waterproof paper A method 
and burlap applied immediately followed by liquid 
tuminous material A (method 9a), provide the most 
rly perfect continuous seals of any of the methods 
ted, thus emphasizing the conclusion that the great 
curing efficieney is provided by those methods that 
‘tect the concrete against moisture loss to the creat 
extent. 


less 
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The results obtained in this investigation seem to 
warrant the following general conclusions: 

A, As regards burlap used alone: 

1. The effectiveness of burlap is increased by length- 
ening the duration of application. 

2. The effectiveness of burlap is decreased by in- 
creasing the time elapsing between the placing of the 
concrete and the application of the burlap. 

3. Burlap is not as effective when sprinkled inter- 
mittently as when kept continuously saturated. 

B. As regards sealing materials: 

1. The effectiveness of such materials as waterproof 
paper and liquid curing materials apphed with a spray 
uly) is materially increased when preceded by applica- 
tion of wet burlap for 24 hours. 

?. The effectiveness of such membrane coverings as 
liquid curing materials A and B is materially improved 
by applying the covering 3 hours after molding as com- 
made 1 hour after molding. 


suriace 


pared to an application 


POLL ROADS AND FREE ROADS 


( nf from page 6 


cities, for future street developments and also for other 
kinds of public works and developments. 

As one of its most Important recommendations, the 
report suggests the creation of a Federal Land Authority 
with adequate capitalization and authority to Issue 
obligations, which would be empowered to acquire, 
in connection with all sorts 
in ways designed to accom- 


hold, sell, and lease lands, 
of public improvements, 


plish 1) the total o1 partial self-liquidation of such 
improvements, (2) the coordination of the various 
classes of improvements by the establishment of a 
proper relation in their use of land, and (3) the elimina- 
tion of embarrassing delavs in the accomplishment of 


desirable improvements, and of restriction likely to 
warp the form, and partially to defeat the purpose, of 
the improvements 

The report entitled “Toll Roads and Free Roads,”’ 
has been printed as House Document No. 272, Seventy- 
sixth first Single copies can be 
obtained charge from the Bureau of Public 
Roads, States Department of Agriculture, 


Congress, Session. 
without 


United 


Washington, D. ¢ 
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MOTOR-FUEL CONSUMPTION, 1938 
9 
Compiled for calendar year from repor f State aut 
Net 1 ‘ 
Gr Amount ex Cir An int su 
. lax rate sTOSS empted fron wmmount a ect t At other rate 
State per gallor amounts payment of essed for refur f 
reported tax 4 tacatins entire tas rota At preva 
! rate Rat er 
pan B, \ 1 
Cents ,000 gallons WW galle ¢ aL 1 is 1 WO ga ( 
Alabama f 226, 838 226, 83S 22H), SBS 22f), 838 
Arizona 5 102, 711 5, 487 7, 224 2, 6 S4, 534 S4, 534 
Arkansas 6ily 166, 200 6, Q5¢ 1, O44 4 143, 479 { 
California ; 1, 763, 625 33, Q84 0) 34 & 4 71, G28 1s JOR 
Colorado { & r 2168 2 2 re M4 ST. O44 
Connecticut ; Ss, SNF ‘ 9 271 
Delaware 1 82 2.80 2, 4M 1H 
Florida r SIS 4), SQN 4 SSN 
Georgia ( 28, 92 28, 92] 28, 92 
Idaho. F 1, 2 82 SI. SAS 4 . 
Illinois 3 1, 35 S, HA ( H4 6, Ole 1, 256 t 
Indiana { f Ae { . 62. 879 62. 879 
lowa } 24 s, 620 $4.5, We $45, Or 
Kansas 2 27 ; IT 
Kentucky on f Dt ‘ one. SUE 
Louisiana 7 242 4 242 234, 4 
Maine { $3, O84 13, O84 7, 40) f 
Maryland { 267, 208 S, GOK 248, G08 246, 4 ’ 
Massachusetts ; G7. ‘ { 662, 254 662. 254 
Michigan 3 l, 72, 4 { s 120, 24 28. O24 
Minnesota { 2,112 64, 668 447, 444 447, 444 
Mississippi f s ) 5 7 14 
Missouri 2 %. 472 Re S1. One R1 Ne 
Montana 5 Mt) ,. Su 4 RO, 40 
Nebraska 2? is Oo ow” ) 
Nevada { ANS 20, O58 20, OAS 
New Hampshire 1 S 2, 44 Su H S2 ' 
New Jersey } SOU, 54 12,4 12.4 
New Mexico... 5 W)O4 x R1, 60 81, 52 
New York 1 20 2 84, 672 OS4, 672 
North Carolina f 7 ) ) ’ ISA, N34 
North Dakota ; 2 s s XS 
Ohio! { 1 ,. f & TU , RN { 
Oklahoma { 41, 484 { 4 x 50, 1K 
Oregon 5 225, 2fit fi, is, 44 7 ' 
Pennsylvania { | } s 17. O68 ’ q 
Rhode Island ) sé 2 OS 6.874 6.874 
South Carolina r 2.17 e RR TR an TR 
South Dakota { 24, 649 1, OS 10, 668 10. 66S 
Tennessee 7 O15, SSF m4. 1 4 1 
Texas H . 243, 412 ‘ S 
Utah { 87, RK RT 8A0 R7, NIK 
Vermont } 63, 30K t m f rT 
Virginia § 1A A), 82 $32 1 32 
Washington 1, 079 25 DS 04, 69 300. HO 
West Virginia ”), 39 1s ay gk O 
Wisconsin : { 25, 999 41, 18 iS4, 812 iS4, S12 
W yoming { f ' f ‘ 63. 376 
District of Columbia 2 1 02 : os 
Total 3. 96 21, 406, 636 614, 290 20), 702, 346 82, 61S 1, 600, 728 1, DO4, 62 
! An analysis of motor-fuel usage, similar to that given in the right-hand portion of ’ Represents evaporation or wance under 5-cent tax not ve 
table Motor-Fuel Consumption, 1927, previously issued will be published in a sub idditional 2-cent tax, whic! {ministered under a separate law 
sequent table 83 ts per gallon ref le t highway use 
2 No changes in tax rates reported during 1938, *1 cent per gallon refunded or tor fuel used in ve ke ense 
3 Export sales and other amounts not representing consumption in State have beer lusively ir tie ‘ 
eliminated as far as possible. In cases where States failed to report amounts exempted 114 cent ‘ refunde tor fue! used rstate a 
from taxation, the gross amount taxed is shown in this column cent refunded ot highw t 
4 Includes allowances for evaporation and other losses, Federal use, other public use, Diesel oil taxed at 7 ents per gallor 
and nonhighway use, where initial exemptions rather than refunds are made Amounts given do not include 66,240,000 gallons of liquid fuel (kerosene ' 
5 Within 300 feet of border, tax is reduced to that of adjacent State. Gallons taxed etc.) taxed at 1 cent per gallon but not subject to the 3-cent tax on motor-ve 
at 2 cents, 3,787,000; at 4 cents, 12,678,000. ‘4 cents per gallon refunded on motor fuel used in aviatior 
6 Motor fuel used in aviation Weighted average rate 
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STATE MOTOR-FUEL TAX RECEIPTS, 1938 
b] 
{Compiled for calendar year fr reports of State authoritie 
Receipts from taxation of motor fue Other receipts | nnection with motor-fuel tax 
lax ; Net Less Adjusted 
State rate rt —— Not IseEn I NT cnn = rol | net total 
er ions by oP ee et re itor pe é \ el- ceipts aviatio eeeliaiaili 
g all n distribu- Ref 7.4 eipt and t i yneou Total gasoline receipts 
lections tors for pars } Srot lealer ees 3 naltie receipts 4 
expenses er 
1 [ OU 1 JU 1,009 ” 1,00 1,00 1,000 1,000 | 1,000 
Cents lollars dollars lollars jollars dollar i § j loliar lollars lollars dollars dollars dollars 
(\labama . 6 13, 523 13, 523 ] 2 56 13, 579 13, 579 
Arizona 5 5, O16 5, Ol 77 4,24 4, 243 . 4, 243 
Arkansas 6} 10, 004 10, O04 04 ss 88 10, 092 . 10, 092 
California } 51, 853 51, 853 4,752 47 i4 2 16 47,117 a 47, 
{ 8, 623 8, 623 1,158 7.4 46: ee 
), a4 4,377 185 ; 2 50 ), 242 9, 
i é 2, 21 142 «. 4 2,073 saan 2, 
7 22, 22, 80 22, 8 28 { 431 23, 232 aaa caas 23, 23: 
f 1u, 108 19, 6 ) 19, 633 19, 
4,5 4,54 4 4, USS 2 2 4,090 5 4, 
10, 8Of 39, 519 3, 038 is } 2 4107 36, 888 36, 
‘ 24, 170 24, 170 1, 91 22, 2 511 22, 770 a 22 
15, 504 15, 4 2, 26 2 13, 234 13 
0.01 10, 017 ) O17 151 10, 168 10, 
12, 655 127 12,528 2, 028 12, 531 12 
7 16, 54 16, 54 4 7 84 16, 627 16 
4 755 6,7 197 ‘ 5, 558 5 
1 (0). 695 ) 895 THF 1 92 9, 929 q 
”), O51 ”), 9 757 2 { 20, 194 - 20. 
20, 02 29, 02 1,30 27, 724 4 4 27, 728 45 27, 
t 22, 045 22, O48 2, 668 1,38 l 87 2 190 19, 570 19, 
10, 6¥¢ 10, #OF 15 8 10, 181 10, 
2 12, 059 2, 059 57 2 2 134 11, 636 11, 
4 491 1, 039 4.4 : 4,452 . 4, 
11, 3¢ sf 279 2 2 7 107 144 11, 170 31 11, 
4 1,304 re 77 2 1 1, 202 aS 1, 
n re 4 3, 395 98 297 1 3, 298 3, 
) 24, 348 2, 054 22, 294 68 22, 362 22, 
New Mexico 4, 486 420 4, O66 2 24 4, 090 ~ 4, 
New York 4 68, 917 689 2 096 f 2 63 66, 195 4 66 
North Carolina....-. 6 23, 860 560 2 . 1, 002 6 1, 008 24, 308 24 
North Dakota 3, 632 1, 323 2, 254 4 64 eS 2. 
Rin 4 48,031 2,049 45, US 45, 982 = 5 
klahoma 4 15, 855 7 1, 633 13, 90 5 5 13, 910 
regon 11, 246 1, 400 ) 84 9, 846 
Pennsylvania.. 4 57 653 7 4, U14 Rp 7 87 52,001 
hode Island 3 75 262 492 3 3, 495 
South Carolina... 6 11, 451 197 l $ 24 240 11, 494 
ith Dakota 4 4, 986 100 838 4,048 4 64 4,112 
ennessee - . 7 18, 37 9 8,2 1, 044 1,044 19, 320 
xa 4 0, O41 500 6, 821 42,72 27 y 42, 747 
n 4 3, 576 ‘4 }, 522 l 2 3, 524 
n 4 CT ivenccesment ail Bidiiaiec , 2 2, 530 
2 17, 661 1, 041 §, 62 l 1 16, 621 
s 16, 684 1, 263 15, 42 l ) 10 15, 431 
9, 470 sd 1, 38 ll 11 ), 397 
4 20, 902 1, 649 ),2 194 194 19, 447 
4 2, 505 _ 95 3 3 2, 508 
umbia 2 2, 523 2, 509 11 ll 2, 520 
Total _. Oe ee ee 3,705 | 813, 576 766, 8 111 5,207 | 772,060 











changes in tax rates reported during 1938 
indicated States make allowances to distributors for expense of collecting 
In Kentuc ky, South Dakota, and Utah allowances of 214, 4, and 3 perce 


1, $784,000, not included in this table. 
+r gallon in Hancock County and 2 cents per 








. 163,000 in 1938, are imposed for sea-wall 
ely, of the tax otherwise due are made in consideration of both expe f ¢ S ) 
yn and gallonage losses in handling. In these States the allowances for ex- 4 3-cent tax on motor-vehicle fuel and a 1-cent tax on all liquid 
nly have been estimated as 1, 2, and 144 percent, respectively fuel s from the 1-cent tax applicable to nonmotor-vehicle fuels (kero- 
for inspection of motor-vehicle fuel. Wherever possible, fees for inspectior sene, fuel oil, ete.) were $633,000. These receipts have been eliminated from the total 
ene and other nonmotor-vehicle fuels have been eliminated given, which represents a 4-cent tax on motor-vehicle fuel 
ides fees for motor-fuel carrier permits, refund or exemption permits, and * Weighted average rate 


ineous unclassified receipts 
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STATE MOTOR-VEHICLE REGISTRATIONS. 
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Compiled for calendar year from reports of State authoritie 
Registered motor vehicles, priv ite and com- Publicly owned vehick me 
mercial # Dealers’ teo- Year’s change 
in —e — = Other regis - _ n motor 
_ - tered vehicles ISU wont and vehicle reg 
Passenger motor vehicles Federal a = 2 i sedate 1937 total rations 
State en ee = Motor — = ” et 1 eee F - 
Total trucks, , ae 
motor mo- tractor wane Trail- rail Regu- |) p : — > 
vehicles — sea Motor t™ ks, | / a Mfotor-| Motor ers and ae M tor ers ANd y¢ tor lar — Increase bo 
Ola . 3 er : venl- seml- } venl- sem } regis- r 
cluding (busses? semi- cycles : , cycles on cycles |“, of Mapes age 
taxicabs trailers‘ cles tra l- cles = : at plates Serease | change 
Alabama.. 301, 990 250, 074 243,745 6,329 51, 916 3, SO 816 1,992 5E 4, 3,7 14 2, 781 313, 359 11, 3¢ f 
Arizona_-- 128, 791 105, 793 105, 354 439 4, 567 452| 2,374 17 4 2,054 S 23) 1,704 129, 210 4) 
Arkansas__.. 220, 391 167, 045 166, 687 358 10, 162 5172, OF 25 ] 3, 19 | iSy 229, 867 0, 47¢ 4 
California. 2, 510, 867) 2,213,152 2, 213, 152 (* 142, 268 11,802, 7, 539 27¢ 75 24,502 = 1, 64¢ 1,157] 4,532 2, 484, 653 2, 214 
Colorado-- 332, 77 277, 860 276,767, 1,093 1,422) 1,271) 2,34 23 7 3, 559 337, 217 
Connecticut----- 440, 335 369, 693 368, 664 1,029 356 1, 883 65 f 1} 3,891 87 204, 2,848 7,731 436, 564 i 
Delaware_ ---.- 64, 078 53, 559 53,559; (* 2,772 231 312 4 Sut 2 62 729 63, 599 s 
Florida........--{ 423,021 352, 978 351,209 1,769 17,324; 1,496 1,787 25 15} 5,072 317 168 2,638 418, 145 1,2 
Georgia. -..-.- 432,360 359,204) 356,609) 2,595 12,684; 1,233) 2,665 45 33, 4,019 f 138 2.164 441, 847 nn 
Idaho-..---- 137, 851 109, 716 109, 595 121 18, 172 548) 1, 541 sO 1, 548 &G 1] 419 142, 110 
Tilinois-.---- 7 1, 780, 865 1, 565,202, 1,565,202 (§ 23,073 6,194) 3,317 iS 19, 9,492 23 654) 4,199 1, THR, O46 7 
Indiana_.. 922, 788 795, 118 793, 969' 1,149 62,914, 4,543) 1,631 Sf 15 6,169 195; 2,467 O56, O1F 
Towa. _-_-- ‘i 740, 021 650, 534 650, 534 ___ 987,447 2,558 1,412 22 6 6,054 57 A 1, S87 745, 602 7 
Kansas... --- 573,985 476,587) 476, 241 346 6,728 1,084 1,504 61 9 2, 045 FRA, ORS 2 9 
Kentucky... 414, 207 350, 531 349, 940 591 1,116; 1,571 11 109 4,32 850 404, 455 2.4 
Louisiana. ---- : 326, 199 248, 75 248, 287 467 14,586, 1,020 1,827 27 13) 4,725 Si f 321 323, 408 6 
Paaine........-- 196, 690 154, 027 153, 861 166 10, 144 : AQ 10 5| 2,087 fi4 735 200), GOT 
Maryland__. 395, 347 339, 896 338,885) 1,011 4, 208 2, 366 fil 91 &, 462 387, 410 2 
Massachusetts - - 843,789 739,323) 734,585, 4,738 13, 122 2,717 3] 1 12 5, 704 981 20,315 R46, Sie - 
Michigan... -- { 1,408,835) 1, 269, 894 131,269,894 (8 141, 647 2, 542 81 17 1, 957 1, 505, 111 6.4 
Minnesota. .__- 821,241; 705,271; 705,019 252 31, 033 2, 509 nF 10,4, 7% 822. HOR 2 
Mississippi '4....{ 215, 195 163, 709 161,015 2,694 1, 771 1, 475 57 ] ; 2, 380 26, 286 4 
Missouri. --.--- 837,118 703,457, 702,941 516 33, 368 2, O85 6) 2,177 » 2,114 835, 805 
Montana.._.-_- | 171, 326 130, 188 130, 188 (§ 2, 953 2,000 2, 201 QSF 173, 892 ] 
Nebraska... -_-- 407,330 342,275 342,047 228 41, 294 1, 199 8} 2,462 4f' 1,492 412, 726 5, % 
Nevada.__.-_- = 38, 424 30, 899 30, 695 204 1, 218 A96 21 2 639 48 s§ 81 336 40,655 —2, 231 § 
New Hampshir 124, 379 97, 635 97,635) (8) | 4, 767 ASS 19 ] FE 125, 939 1, £60 2 
New Jersey... 1, 000, 684 868, 734 863,665, 5,069 131,950 7, 276 2, 763 »F 14, 10,477 545; 2,493)... 994, 497 6, 187 f 
New Mexico... 116, 537 89, 592 89, 123 469 26, 945 2, 575 2, 178 67 1 4] 405 118,106, —1,569 - 
New York. _....| 2,584, 123) 2,259,468 2, 259,468)__- 324, 655 40, 771 5, 629 49 81, 26, 083 RS] 1, O3F 5, 381 2, 561, 703 22, 420 
North Carolina. 537, 242 461, 141 460, 298 843 76, 101 42,317 2, 181 42 3) 11,671 &, 520 525, 350 11, 892 2 
North Dakots_. 174, 256 141, 195 141, 111 84 33, 061 R49 TRS 12 699 ARS 22 173. 188 1, 048 f 
--| 1,870, 249) 1, 686, 555) 1, 686, 555 () 183, 694; 105, 249 2, 474 RS 6; 18, 768) 1,125 576. 4,054 18,445) 1,876,132 —5, 88 
Oklahoma..... 535, 399 441, 184 438,979) 2,205 94, 215 36, 498 2, 435 42 14 6,719 3, 733 547, 263 11, 864 2.2 
Oregon__._- mart 357, 321 297, 492 296, 837 655 59, 829 (*) 2, 821 33 4 4,071 653 R38 360, 348 3, 02 » 
Pennsylvania_. -} 1,976,466) 1,730,893) 1,725,674) 5,219) 245, 573 26, 225 3, 9&3 123 24 17,800 443, 1,226 29,614 1,984,821 —8, 355 4 
Rhode Island_..| 168, 888 149, 634 149, 223 411 19, 254 631 460 lf 1 1,409 2 105 88 7,8 1, 302 . 
South Carolina. 287, 913 246, 585; 245,117; 1,468 41, 328 5,396 1,011) 1,570 14 5 4,468 14f 792, 1, 586 b 8, 311 2.8 
South Dakota... 180, 632 152, 138 152, 040 98 28, 494 19, OSO 436 1,241 17 2} 1,132 152 12 709 184,743 —4,111 2.2 
Tennessee__- 398, 624 337, 584 336, 900 684 61, 040 (t 1,502; 2,168 45 2 7,105 582 | 400,384 1, 760 
Texas...._.._.__| 1,548,343) 1, 231,424| 1,230, 548 876 316,919 50,944, 3,980 5,348 148 75 15,905, 1,19 378) 3,307 1, 552, 114 3, 771 —.2 
Wene......<. | 127, 004 107, 038 106, 373 665 19, 966 5A9 428; 1,758 Ae 10 1,378 64 4f 385 126, 692 312 2 
Vermont siaakiall 87, 402 78, 360 78, 265 95) 139,042 1, 853 450 648 14 602 88,958) —1,5564, -—1.7 
Virginia_.___._. 441,462) 373, 896 373, 896) _- 67, 566 9,350, 1,743) 3,231 217 2 5,470 165 183. 5, 268 440, 713 749 2 
Washington_..-.| 523,328) 440,128 439,328 800 83,200! 17,826) 2,025) 3,215 77 27; 6,950 336 164) 1,503) 3,201. 535,483) —12,155 2.3 
West Virginia_-_- 275, A91 230, 637 230, 024 613 45, 054 3,058 1,212) 1,188 f 5,109 148 7 10, 200 200,837 —15, 144 2 
Wisconsin... 840, 291; 703, 807 703, 227 580) 136,484 5,047, 3,346, 2,300 39 5) 8, 546 204 360, 2,428 854,374 —14, 083 f 
Wyoming... _. 80, 765 63, 176 >. 17,589} 10, 209 272) 1,300 2¢ g 681 57 368 81,837, —1,072 
District of Co- } 
lumbia.. 162, 863 148, 614 147,495, 1,119 14, 249 809 622| 1, 262 20 A2 16 2, 366 10€ 94; 2,308)... 184,119 —21, 256 5 
At large_...... i TERE ey Lene: CAGE | 5,371 45 10 - 
Total..... 29, 485, 680 25, 261, 649/25, 213, 601; 48, 0484, 224, 031/1, O85, 422 108, 541 109, 2, 564 799 257,469 8,610 8,081 139,681. 53, 064 29, 705, 220 —219, 540 7 
' i { 1 





1 Registration periods ending not earlier than Nov. 30 and not later than Jan. 31 
are considered calendar-year periods. In those States where the registration period 
is definitely removed from the calendar year, registration figures were obtained 
for the calendar-year period. 

§ Wherever possible publicly owned vehicles and vehicles not for highway use have 
been eliminated from these columns. 

3 A complete segregation of motor busses from other vehicles is not available. The 
figures given represent common-carrier busses in most cases, although in some States 
contract busses and contract school busses are included. In some cases city busses 
arenotincluded. Whereno busess are tabulated, they areincluded with automobiles, 
unless otherwise noted. 

4 Figures for trailers and semitrailers are as reported. Apparent inconsistencies 
are due to the fact that some States require the registration of tourist trailers, light 
work trailers, and similar vehicles, whereas other States register only freight-carrying 
trailers and semitrailers. 

§ Data on Federal vehicles obtained through agency of Procurement Division, 
Department of the Treasury. 

¢ State, county, and municipal vehicles are included with private and commercial 
registrations in Colorado, Kansas, Maryland, Michigan, Mississippi, New Hamp- 
shire, and Vermont. An unknown number of Federal vehicles are included in the 
figures for Indiana, Iowa, Kentucky, Louisiana, Montana, New York, a¥ CVirginia. 


Some States give State-owned vehicles only; others exclude certain classes fr 
registration, such as fire apparatus and police vehicles. 

’ Figures include new-car, used-car, and motorcycle dealer registrations and some 
wrecker and repairer registrations. Data on dealers’ extra plates are incomplete, 
although they are apparently included with dealer registrations in some State 

§ Included with motor trucks 

* Includes 63,000 light trailers registered without charge. 

° Trailers of 1,000 pounds capacity or more prohibited on highways, althous 
permitted in cities under city licenses. Tractor-semitrailers registered as mvtor 
trucks. Light trailers permitted but not registered 

1! Includes light trailers and commercial semitrailers. 
included with motor trucks 

12 Of these vehicles approximately 1,700 are also included with private ar 
mercial registrations 

3 Taxicabs included with motor trucks 

14 License year changed to Nov. 1 during 1938 
are for 10-month period through Oct. 1938 
1938 were: Automobiles, 150,822; motor 


Commercial full trailers 


Registrations recorded on t! able 
Registrations for 1939 in Nov. at e 
busses, 1,367; motor trucks, 41,012; tota 


motor vehicles, 193,201. 
’ Trucks under 1,500 pounds capacity included with passenger cars 
6 Includes 405 automobiles of the diplomatic corps. 
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STATE MOTOR-VEHICLE RECEIPTS, 1938 











[Compiled for calendar 
Registra 
Motor-vehicle registration fees fee ther 
ret 
Total Passenger motor ve 
receipts hicles 
regis os 
State tration Motor 
ind Auto- trucks, < 
other Total? = trac- and M 
fees les or seri 
T . ins Motor trucks,, trai 
otal ud- |b A e 
clud usst ev er 
Ing 
taxi- 
cat 
] On 1,000 1,000 1,000 1 004 1 OO 
dollars jdollars \dollars \dollars ‘dollars dollars dollars dc 
Alabama ‘ 4,314 3, S58 
Arizona 1, O76 sOv 4, f2 
Arkansas 2,908 | 2,405 7 2% 
California * ; 23,930 (21,049 4, 053 ye) 
Colorad« 2 4 - * 415 » 
Connecticut 6, 124 | 1 7 ys 
Delaware 7 2 
Florida 191 | 1,771 259 
Georgia 110 480 48 
Idaho 24 631 
Illinois 5, Gt 75 
Indiana &3 | 1,604 f 
lows &, l 2,773 
Kansas 2, | », §43 920 ( 
Kentucky. -. ] 1, 666 79 | 1 
Louisiana : 2, { 2, S68 68 | 1] S7 
Maine. 2 1, 1, 882 lf 27 ff 
Maryland 3, 6 2 », 810 153 621 ‘ 
Massachusetts 4 4,12 2 », H09 131 | 1,381 28 
Michigan -_- 20,856 (17,801 (12, 12.609 5, 192 Of 
Minnesota &, SS 2 
Mississippi '? 3, { 
Missouri &, 14( 
Montana !3. i. 13 
Nebraska... 5 : 2, & 
Nevada. _.- : F 
New Hampshire. 
New Jersey OR4 
New Mexico... 
New York mane re 
North Carolina... 
North Dakota. -.-. } 
Ohi 1,148 
Oklahoma... < 
Oregon... ee ’ 
Pennsylvania... eit 
Khode Island 9 
uth Carolina. 71 
South Dakota 30 


ennessee 
Texas 
Utah 

ermont. 

rginia . 
Vashington 

est Virginia 
Wisconsin 





Vvoming 34 
trict of Columbia 
Partial totals 17___|_...__. 224,489 | 221,735; 2,754) 91,070) 8,849 


Full totals........! 388, 825 |330,866 ‘ 














rom reports of r 
Miscellaneous receipts 
Tot 
tra Cora Esti- 
tior ode Trans- Un- | mated 
ee ( Spe Fine fer OF | Other | classi- | Service 
f f ate and | rereg- re. fied char- 
( fatae : ng penal istra- ceipts re- | ioe 
es ties te C8 
I : ae funds ita: 
tors § 
HH { 1 ( y 1 OO 1,000 | 1,000 1,000 1,000 
dollars ‘dollars ‘dollars dollars irs dollars dollars ‘dollars ‘dollars | dollars 
4n 9 193 ae 9 
2 4 2 ) 
7 24 4 
S32 74 ( ‘ 0 1, 263 
4¢ 27 27 6 
2 f f fif 169 104 
2hy 7 s( 13 
( 22 { 20 1 
7 2 . 
1,47 } 4()( 420 f 25 
1,712 694 274 f 277 
07 4 62 2 120 
247 2 46 4 3f 
A26 9 599 KF 3 10¢ 
KF 12 ( 77 : 
787 44 ) ( 119 
] 4 45 348 7 $f 97 
2, 43 | 664 259 
4 F a 43 aes 6 axe ed 
1,017 ri) 2¢( 92 2 238 i. ee © — 
t 22 72 62 f 41 10 SES awe 
24 68 A6 &3 ca a ae 
2 1] Deeds caleon 
444 2 43 ( e “8 i... emmaces 
6, 1 62 | 3,875 464 219 532 961 ig ae 
( 1 29 fi2 ee. caeiaie 
OST 208 OAT 44 047 360 —39 ae 
2 2 147 Ff : 12 —35 EP ee 
114 7 4 57 24 . 2 —1 |. a 
AS 2 753 418 chi B 586 44 athtnats 1, 650 
155 4& 207 292 eee 18€ i 125 are 287 
2 25 74 175 24 . 22 vents ems 
f &4 7 9 GOR F6R 872 ATR —109 ae 
re r 42F a 68 45 Pe! Cane eee 
24f } 19] 27 21 31 a a 
tu rd y 4 Q ee 10 = — 
OFF 259 5 ty 7 iy 
, O1 4 417 398 CS pee eee 
141 4 19 6¢ 1 16 A eee) (Asem ences 
343 of 2K( . 42 7 —12 caeae 
545 } bal 45 141 38 —18 |....- ia 
562 } 1€5 219 & . TP tecucous 136 
912 4 44 13¢€ 25 |. 47 | ainnats 
el 2 5 215 i eee 
14 s§ 4 | Dees 
1, 812 G8 7 406 29 & — nree 
340,061 48, 764 | 2,350 |21,555 | 6,597 | 2,123 7,360 | 4,222 








Receipts for registration periods ending not earlier than Nov. 30 and not later than 
31 are considered calendar-year receipts. In those States where the registration 
1 is definitely removed from the calendar year, registration receipts were ob- 
ned for the calendar-year period 
_? Segregation of registration fees by type of vehicle was not available for Alabama, 
ssissippi, New Hampshire, Tennessee, and the District of Columbia. Total 
tor-vehicle registration fees in those States include trailer and motorcycle fees, 
ept in New Hampshire, for which motorcycle fees were reported separately 
lers’ license fees in Tennessee are also included in this column. 
he motor-bus registration fees are incomplete (see footnote 3 of preceding table 
here no fees are tabulated, the fees of busses are included with those of automo- 
les, unless otherwise noted. 
* Proceeds of special excise and privilege taxes on new-car sales have been segre- 
ted and entered in this column. Receipts from a 2-percent motor-vehicle excise 
Oklahoma, imposed as part of a general sales tax, are not included in this 
Proceeds of this tax were $1,104,000 in 1938. 
iny States county or local officers are allowed service charges for issuing 
Strations, operators’ licenses, etc. In the majority of cases these charges are in- 
ided in registration and other fees. The amounts shown in this column are e 


mates of service charges collected and retained by local officials and not reported el 
vherein the table, 


De 


é 


I 












* Registration fees include proceeds of State ‘‘vehicle license fees”’ 
posed in addition to the regular registration fees of $11,244,000. 

’ Included with motor-truck fees 

§ Fees of 23,978 light trucks included with those of passenger vehicles. 

§ Trailers of 1,000 pounds capacity or more prohibited on highways, although per- 
mitted in cities under city licenses. Tractor-semitrailers registered as motor truck3. 
Light trailers permitted but not registered 

Fees of light trailers and commercial semitrailers only. 
trailers included with those of motor trucks 
Fees of taxicabs included with those of motor trucks. 

? License year changed to Nov. 1 during 1938. Receipts recorded in this table are 
for calendar year and include fees for 1939 registrations received from Oct. 1 through 
Dec. 31. 

Registration fees are collected by counties and State does not maintain complete 
record. Figures given are estimates supplied by State. 

‘Included with fees of automobiles 

Included with motor-vehicle registration fees. 
16 Fees of trucks under 1,500 pounds capacity included with those of passenger cars. 
’ Totals of columns for which full classified data were not available for all States 


, $10,854,000, im 





Fees of commercial full 

















————_—_— —— ~: ; = 


Compiled for calendar year from reports of State 





Proceeds of State imposts on motor vehicles operated for hire 


Mileage, ton- 
mile, and 
passenger- 
mile taxes 


State 
Gross-receipts 
taxes ? 


{000 dollars 1,000 dollars 


195 


Arkansas - _. enone : : Saieiesanas _ 
California......_- 3 3 nae RE 2, 595 

Colorado... .__._. i SA See mS ERE 5 pene eitse A 333 
Connecticut - -__. aint M aeaalanineishetie 253 

Delaware *____- nas 
Florida --....... seagate 
CSR 
Idaho._. ae 
[Illinois * =e 













Kentucky 
Louisiana......... 
=e See ; 
Maryland §___._..__. iuisinns 
Massachusetts. 
SR EE ES ee (2a ; 27 
Minnesota__.____.- 

Mississippi 
Missouri... 
Montana--. 
ER 
Nevada........ peainbessenes 
New Hampshire 
New Jersey___- 
New Mexico. 
is css aww seaman : > 
North Carolina_-..._._- ERT , 25 









Oregon eieebibigaleds abate swine 
Penneyivania................ eee ee eee ; 13 
Rhode Island 





Py 
Washington --__ 
West Virginia_-__- 





Wisconsin 
Wyoming 
District of Columbia...__ 


PUBLIC ROADS 


MOTOR-CARRIER TAX RECEIPTS, 1938 


On weight or 





Vol. 20, No. 4 


suthorities 


and other motor carriers 


Special license fees and 

franchise taxes 3 Total 
Miscellaneous 

receipts 


Caravan 
taxes 
On flat rate 
basis 


capacity 


basis 


dollars | 1,000 dollars | 1,000 dollars | 1,000 dollars 


fe 
) 


1,000 doll 1,000 dollars 1,00 


irs 


24 23 PRE: { 





‘7 246 


3, 862 





! Complete classification of motor-carrier tax receipts is not available in all States. 
The classified receipts, in some cases, include miscellaneous small receipts not class- 
ified. 

2 Numerous States impose taxes on the gross receipts of motor carriers in connection 
with general State sales taxes or taxes on all transportation companies or public utili- 
ties. This column includes only the proceeds of gross-receipts taxes reported by the 


States as special taxes on motor carriers 
3 It is often difficult to make a distinction between the 3 classes of receipts listed in 
In general, the proceeds of special 


the third, fourth, and fifth columns 


of figures. 





weight or capacity taxes and taxes imposed at a flat rate per vehicle are includ 
under special license fees and franchise taxes, application or filing fees required f 
the issuance of certificates of convenience and necessity to common carriers and 
responding permits to contract and other motor carriers are included under certifi 
or permit fees 

4 No special taxes on motor carriers reported 

$’ Motor-carrier drivers’ licenses 

6 Ton-mile and passenger-mile taxes paid by motor carriers in lieu 
fees included in table, State Motor-Vehicle Receipts, 1938 


f registrat 
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PUBLICATIONS of the BUREAU OF PUBLIC ROADS 








Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D. C. 


Department and as the Department does not sell publications, 


As his office is not connected with the 


please send no remittance to the United States Department of 


Agriculture. 

ANNUAL REPORTS 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
2 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1936. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1937. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1938. 


10 cents. 


HOUSE DOCUMENT NO. 462 


Part |. . . Nonuniformity of State Motor-Vehicle Traffic 
Laws. 15 cents. 

Part 2. . . Skilled Investigation at the Scene of the Acci- 
dent Needed to Develop Causes. 10 cents. 

Part 3 Inadequacy of State Motor-Vehicle Accident 
Reporting. 10 cents. 

Part 4. . . Official Inspection of Vehicles. 10 cents. 

Part 5 . . . Case Histories of Fatal Highway Accidents. 
10 cents. 

Part 6. . . The Accident-Prone Driver. 10 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 7OMP . . The Results of Physical Tests of Road-Building 
Rock. 25 cents. 


I9IMP. . Roadside Improvement. 10 cents. 
272MP.. . Construction of Private Driveways. 10 cents. 
\. 279MP.. . Bibliography on Highway Lighting. 5 cents. 


Highway Accidents. 10 cents. 


T! ec Taxation of Motor Vehicles in 1932. 
Guides to Traffic Safety. 10 cents. 


Fy ‘ral Legislation and Rules and Regulations Relating to 
ghway Construction. 15 cents. 


An kx onomic and Statistical Analysis of Highway-Construction 
enditures. 15 cents. 


Highway Bond Calculations. 10 cents. 
Transition Curves for Highways. 60 cents. 


35 cents. 


———_ 


DEPARTMENT BULLETINS 


No. 1279D Rural Highway Mileage, Income, and Expendi- 


tures, 1921 and 1922. 15 cents. 


No. 1486D . . Highway Bridge Location. 15 cents. 
TECHNICAL BULLETINS 

No. 55T . . . Highway Bridge Surveys. 20 cents. 

No. 265T. . . Electrical Equipment on Movable Bridges, 


35 cents. 








_ Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


MISCELLANEOUS PUBLICATIONS 


No. 296MP. . Bibliography on Highway Safety. 
House Document No. 272 . . . Toll Roads and Free Roads. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 


System of Ohio (1927). 

Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 

Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 

Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 

Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 


UNIFORM VEHICLE CODE 


Act I.—Uniform Motor Vehicle Administration, Registration, 
Certificate of Title, and Antitheft Act. 

Act II.—Uniform Motor Vehicle Operators’ and Chauffeurs’ 
License Act. 

Act III.—Uniform Motor Vehicle Civil Liability Act. 


Act IV.—Uniform Motor Vehicle Safety Responsibility Act. 
Act V.—Uniform Act Regulating Traffic on Highways. 
Model Traffic Ordinances. 








A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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